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Commentary

Methylmercury is recognized as a potent
poison, especially for its neurotoxic properties
(Davidson et al. 2004). We report here that
diets commonly employed in laboratory ani-
mal research may contain concentrations of
organic mercury, methylmercury most likely,
that are sufficient to directly affect the results.
Our concerns are 2-fold. First, research focus-
ing on methylmercury effects will include
control data contaminated by nonzero expo-
sure levels, and exposure concentrations for
detected effects in “exposure groups” will dif-
fer from dose levels measured in the inten-
tionally administered agent. Use of such data
could compromise conditions for setting ade-
quate exposure standards. Second, investiga-
tions not focusing on methylmercury directly,
for example, studies of polychlorinated
biphenyls (PCBs), which interact with methyl-
mercury (Grandjean et al. 2003; Stewart et al.
2003), might inadvertently include control
baselines determined partially by exposures to
methylmercury. In such instances, treatment-
group comparisons may be distorted by such
effects. And, experiments directly aimed at
combined PCB–methylmercury effects (e.g.,
Widholm et al. 2004) might produce confusing
outcomes.

Methods and Results

The data described in this article are the by-
products of an investigation we undertook to
study the developmental neurotoxicity of
mercury vapor in rats. We did not a priori
plan the diet assay protocols reported here,
and although limited, the results of these
evaluations have significance that must be
considered in both evaluating past studies and
designing future ones. Because surprisingly
little is known about the developmental
effects of metallic mercury despite its lengthy
history in toxicology and its recognized
potency as a neurotoxicant (Clarkson 2002),
we had planned to examine this aspect of it.

In experiment 1, female Long-Evans rats
(Charles River, Wilmington, MA) were bred
3 weeks after receipt from the supplier and
then exposed via inhalation to mercury vapor
concentrations of 0, 30, 100, or 300 µg/m3

during gestational days (GD)6–20. The
0-ppm control group was held in a separate
mercury-free chamber during exposures. The
mercury vapor concentration within a cham-
ber was monitored continuously by a continu-
ous mercury vapor analyzer dual-beam
ultraviolet photometer in standard flow config-
uration (model 791.741; EPM Environmental
Products Manufacturing, Dalerstraat, the
Netherlands), which was capable of measuring
concentrations from 2 to 1,999 µg/m3 in air.
Mercury in the blood served as a biomarker of
exposure. A cold vapor atomic absorption pro-
cedure (Lapham et al. 1995; Magos and
Clarkson 1972) was used to assay blood sam-
ples from the pregnant dams on GD18 and
from the pups on postnatal day (PND)4 and
PND18.

Control dam (Figure 1) and pup (Table 1)
samples showed unexpected, relatively high
levels of mercury (particularly as organic
mercury). By analyzing the samples for the
presence of inorganic mercury specifically, we
could estimate the amount of organic mercury
(i.e., total – inorganic). As shown in Figure 1
and Table 1, the blood values were predomi-
nantly of the organic form.

When we first detected the high levels of
mercury in our control subjects, we immedi-
ately sought to evaluate, on a probing basis,
potential sources. Our sampling procedures
were designed and employed to prevent and
mitigate recognized potential sources of
contamination, as we have done in the past.
We did not detect mercury in either the con-
trol chamber or the room housing the cham-
bers; in either the atmosphere in the vivarium
room assigned to the animals in the experi-
ment or the bedding in the animal cages; in

the breath of the investigators who pipetted
the blood during the tail-nick procedure used
with the dams; or in the heparin that was used
for the collection procedures. We did not
believe our mercury assay procedures were at
fault because they are continually evaluated as
part of an international mercury quality control
program administered by the Centre de
Toxicologie du Québec (Institute National de
Santéé Publique, Sainte-Foy, Québec, Canada),
which has run the Interlaboratory Comparison
Program since 1979.

Together, these results led us to suspect
the diet as the source of contamination.
Purina Laboratory Rodent Diet 5001 (Scott’s
Distribution, Hudson, NH), which has wide-
spread use, was fed to the rats in this research.
Sample pellets from the batch in use at that
time were ground or milled and then analyzed
(we used more than one procedure to system-
atically replicate our observations and con-
vince ourselves that we had not introduced
confounds). For the second procedure, we
used a ball mill with zirconium pellets.
Between samples, both were washed, and then
the jar and Zr pellets were baked at 150°C for
several hours to ensure the absence of mer-
cury. Then the samples were individually
ground for at least 48 hr. These analyses, as
shown by the examples in Table 2, verified
that the elevated mercury levels in our control
dams and pups were due to the contaminated
diet and that they reflected organic mercury.

The Purina 5001 diet is an open diet; that
is, its ingredients are subject to change,
depending on the source of the raw materials.
Fish meal is one of the ingredients, and it is
possible that methylmercury present in tuna
scraps, for example, may have been the source
of the fish meal used in the batch provided by
the vivarium. The supplier gives the limit of
detection as 0.02 ppm (20 ng/g), so the prob-
lem apparently escaped detection. Even so,
such levels are excessively high for experi-
ments on mercury, especially those focusing
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on low-level dose–response outcomes. We
were unprepared for the results in the present
study because, in an earlier methylmercury
study with mice (Stern et al. 2001) also fed
the Purina 5001 diet, we detected no mercury
in control dams or pups.

To preclude contamination in further
experiments, we contacted BioServ (French-
town, NJ), a supplier of laboratory animal
feed, which recommended the synthetic
AIN-93G diet. The protein in this diet is
casein. BioServ provided samples of whole

pellets as well as the casein incorporated into
the diet. Table 3 shows the results of our
analysis of the ground pellets and, indepen-
dently, of the casein. Although the pellets
contained mercury, it was 100% inorganic.
To determine its effects on blood levels, we
fed three females the AIN-93G diet and three
males the Purina 5001 diet. We detected no
mercury in blood samples from the females
fed the AIN-93G diet, but we did find it in
the males fed the Purina 5001 diet (28.24,
22.84, and 16.08 ng/mL). (Only total mer-
cury was measured because the focus was on
comparing mercury levels in the AIN-93G
diet-fed subjects with those fed Purina 5001.)
Because inorganic mercury is poorly absorbed
after ingestion, these findings are not surpris-
ing. These results also confirmed that the rats
did not carry a significant mercury burden
when they were received from the supplier.

More recently, in our ongoing attempts to
find a suitable, mercury-free diet, we analyzed
samples of the Teklad 2018 diet (Harlan
Teklad, Madison, WI), which does not con-
tain fish meal. We ground four pellets in a
mortar to obtain a fine powder, which was
then digested with sulfuric acid. No mercury
was detected.

Discussion
Figure 1 shows why the possibility of methyl-
mercury contamination in laboratory animal
diets cannot be ignored. The levels in control
dams were close to the 58 ng/g determined by
the National Academy of Sciences committee
on methylmercury, on the basis of develop-
mental neurotoxicity, as the benchmark dose
lower bound for cord blood in human popula-
tions (National Research Council 2000).
Although not measured here, we would cer-
tainly expect fetal levels in our rats to be even
higher (Watanabe et al. 1999), especially in
brain, because levels in rodent neonates fall
rapidly after birth (Newland and Reile 1999;
Stern et al. 2001).

It is impossible to know how much of the
published experimental data, as well as ongoing
research, may be distorted by contaminated
diets. Although the “certified” diets provided by
manufacturers may prove useful to investiga-
tors, independent confirmation of ingredients
should be encouraged. Biomarkers of exposure,
that is, tissue indices, are the key to interpreting
exposure data. Such direct measures in experi-
mental subjects (including controls) provide
assurances that the investigator’s protocols are
properly conducted. We uncovered our prob-
lem only because we include blood and tissue
assays in our standard operating procedures
when conducting research with mercury. We
strongly urge all researchers to do likewise. In a
brief survey of recent literature, we have been
surprised by how often researchers neglect to
mention diet, or describe it in terms such as
“standard rat chow.” Infrequently, the authors
may provide the name of the supplier and the
diet label, which should be the minimum
information provided.

Although the results reported here stem
from our research focusing on mercury, the
issue of diet-based contamination certainly is
not limited to one agent. For example, inves-
tigators who study endocrine disruptors have
become concerned by the presence of agents
in laboratory animal diets that may mimic
estrogens (Boettger-Tong et al. 1998).
Particularly in investigations of low-level,
environmentally relevant exposures, diet is an
unwelcome confounder.
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Figure 1. Blood levels of total mercury, inorganic
mercury, and percent inorganic mercury in control
dams. The inorganic component is the product of
the slow conversion of methylmercury, the source
of the mercury, to the inorganic form (e.g., Rowland
et al. 1984).
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Table 1. Blood mercury in control pups from dams
that had been fed the Purina 5001 diet (experiment 1). 

Mercury
Litter ID Age Total (ng/mL) Inorganic (%)

1-001-1D1 PND4 15.5 ND
1-003-1D1 PND4 18.3 ND
1-009-1D1 PND4 11.1 ND
1-010-1D1 PND4 11.5 ND
1-011-1D1 PND4 14.6 ND
1-001-11 PND18 5.3 62
1-003-11 PND18 3.8 87
1-009-11 PND18 3.2 ND
1-010-11 PND18 3.3 ND
1-011-11 PND18 4.1 ND

ND, not detected (the detection limit in our laboratory is
0.75 ng Hg). Samples were pooled within litters to provide
a volume adequate for the assays. By PND18, mercury lev-
els had declined substantially (compare Newland and
Reile 1999; Stern et al. 2001).

Table 2. Total mercury in rat chow samples. 

Mercury
Pellet/method Total (ng/g) Inorganic (%)

Purina 5001
Ground 57.9 0

30.1 48
27.6 31
15.3
12.0
6.7

Homogenized 33.0
8.6

18.0
12.0

Harlan Teklad 2018 ND
ND

ND, not detected. The percentage of inorganic mercury,
determined only for the first three ground pellet samples,
indicated significant organic mercury contamination.

Table 3. Mercury content analysis of BioServ
AIN-93G diet and casein. 

Mercury
Sample Total (ng/g) Inorganic (%)a

AIN-93G
1 317.9
2 191.5
3 223.8
4 182.6
5 85.1
6 96.9 100
7 62.9 100
8 71.8 100
9 123.3 100
10 117.7 100
11 144.8 100
Milled sampleb 77.98
Milled sampleb 110.20
Ground sampleb 122.78
Ground sampleb 38.04
Milled samplec 139.35
Ground samplec 54.76
Mean 127.14

Casein
1 ND
2 ND
3 ND
4 ND

ND, not detected. Although variability in total mercury
across samples was large, organic mercury was consis-
tently absent. 
aDetermined for only samples 6–11. bSamples were
digested normally with sodium hydroxide and cysteine and
then collected on silver traps to detect the presence of
mercury. cSamples were dissolved in 10% nitric acid and
then collected on silver traps to detect the presence of
mercury. 



Weiss et al.

1122 VOLUME 113 | NUMBER 9 | September 2005 • Environmental Health Perspectives

Lapham LW, Cernichiari E, Cox C, Myers GJ, Baggs RB,
Brewer R, et al. 1995. An analysis of autopsy brain tissue
from infants prenatally exposed to methylmercury.
Neurotoxicology 16:689–704.

Magos L, Clarkson TW. 1972. Atomic absorption determination
of total, inorganic and organic mercury in blood. J Assoc
Anal Chem 55:966–971.

National Research Council. 2000. Committee on the Toxicological
Effects of Methylmercury. Toxicological Effects of
Methylmercury. Washington, DC:National Academy Press.

Newland MC, Reile PA. 1999. Blood and brain mercury levels

after chronic gestational exposure to methylmercury in
rats. Toxicol Sci 50:106–116.

Rowland IR, Robinson RD, Doherty RA. 1984. Effects of diet on
mercury metabolism and excretion in mice given methyl-
mercury: role of gut flora. Arch Environ Health 39:401–408.

Stern S, Cox C, Cernichiari E, Balys M, Weiss B. 2001. Perinatal
and lifetime exposure to methylmercury in the mouse:
blood and brain concentrations of mercury to 26 months of
age. Neurotoxicology 22:467–477.

Stewart PW, Reihman J, Lonky EI, Darvill TJ, Pagano J. 2003.
Cognitive development in preschool children prenatally

exposed to PCBs and MeHg. Neurotoxicol Teratol
25:11–22.

Watanabe C, Yoshida K, Kasanuma Y, Kun Y, Satoh H. 1999.
In utero methylmercury exposure differentially affects the
activities of selenoenzymes in the fetal mouse brain.
Environ Res 800:208–214.

Widholm JJ, Villareal S, Seegal RF, Schantz SL. 2004. Spatial
alternation deficits following developmental exposure to
Aroclor 1254 and/or methylmercury in rats. Toxicol Sci
82:577–589.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice




